Novel antitumor indenoindole derivatives targeting DNA and topoisomerase II.
We have identified a novel series of indenoindole derivatives endowed with potent cytotoxic activities toward cancer cells. Five compounds containing a 8-[2-(dialkylamino)ethoxy]-2,3-dimethoxy-5H-10H-indeno[1,2-b]indol-10-one-O-propynyl-oxime core substituted with a phenyl, furanyl, or a methyl substituent on the propynyl side chain have been synthesized and their mechanism of action was investigated using a panel of complementary biophysical and biochemical techniques. The compounds were shown to intercalate into DNA with a preference for AT-rich sequences. They have no effect on topoisomerase I but they strongly stimulate DNA cleavage by topoisomerase II. Their capacity to stabilize topoisomerase II-DNA covalent complexes is comparable to that of the reference drug etoposide. The nature and orientation of the substituent on the propynyl chain modulate the DNA binding and topoisomerase II inhibitory properties of the compounds and, apparently, there is a correlation between the cytotoxic potential and the molecular action at the DNA-topoisomerase II level. The growth of human K562 leukemia cells is strongly reduced in the presence of the indenoindoles (IC(50) in the 50nM range) which maintain a high cytotoxic activity toward the adriamycin-resistant K562adr cells line in vitro. The low resistance indexes measured with the indenoindoles (RRI = 10-30) compared to adriamycin (RRI = 1000) suggest that our new compounds are weakly or not sensitive to drug efflux mediated by glycoprotein-P and/or multidrug resistance (MDR) protein pumps. Finally, we also show that these indenoindoles arrest K562 cells in the G2/M phase of the cell cycle and promote apoptosis, as indicated by the appearance of internucleosomal DNA cleavage. One compound in the series was tested for in vivo antitumor activity against the colon 38 model and at 25mg/kg it showed 100% complete tumor regression in the treated mice, without significant body weight loss. Altogether, the results reported here establish that our indenoindole derivatives represent a novel interesting series of DNA-targeted cytotoxic agents.